For more than two decades, there had been extensive research on the production of carbon nanotubes (CNT) and optimization of its manufacture for the industrial applications. It is believed that they are the strong enough but most flexible materials known to mankind. They have potential to take part in new nanofabricated materials. It is known that, carbon nanotubes could behave as the ultimate one-dimensional material with remarkable mechanical properties. Moreover, carbon nanotubes exhibit strong electrical and thermal conducting properties. In the process of optimizing the production in line with the industrial application, the researchers have found a new material to act as an anode i.e. coal, which is inexpensive as compared to graphite. There are various methods such as arc discharge, laser ablation, chemical vapour deposition (CVD), template-directed synthesis and the use of the growth of CNTs in the presence of catalyst particles. The production of carbon nanotubes in large quantities is possible with inexpensive coal as the starting carbon source by the arc discharge technique. It is found that a large amount of carbon nanotubes of good quality can be obtained in the cathode deposits in which carbon nanotubes are present in nest-like bundles. This paper primarily concentrates on the optimising such parameters related to the mass production of the product. It has been shown through Simplex process that based on the cost of the SWNT obtained by the arc discharge technique, the voltage and the current should lie in the range of 30 -42 V and 49 -66 A respectively. Any combination above the given values will lead to a power consumption cost beyond the final product cost, in turn leading to infeasibility of the process.
Introduction
In 1985, Drexler proposed a molecular bearing consisting of two graphitic nanotubes of different diameter, which are concentrically arranged. It was a virtual operation inside a computer. This dream, however, has become more realistic by the discovery of carbon nanotubes. There had been revolutionizing researches on the production of Carbon Nanotubes from last twenty years and optimising its manufacture for the industrial applications. It has been thought that they are the strongest but most agile materials known to humankind, and thus have potential to take part in new nanofabricated materials as additives. It has been shown that carbon nanotubes could behave as the ultimate one-dimensional material with remarkable mechanical properties. Carbon nanotubes exhibit strong electrical and thermal conducting properties. Study of the past researches on the production of carbon nanotubes from coal revealed that most of the researches concentrate on producing CNT by arcing electrodes, produced separately by mixing the crushed coal with coal tar followed by molding process. However, the only process till date that has shown a positive adaptation to direct coal application is thermal plasma jet technique.
With the extensive research in the production of the Carbon Nanotubes, the requirement of optimising the process parameters are realised. This paper concentrates on the optimising such parameters related to the mass production of the product. It has been found through calculation that the only determining parameter in the arc discharge technique is the power of the equipment, in terms of voltage and current, and it is seen that on optimisation of these parameters, the cost of the process reduces drastically.
The production of carbon nanotubes in large quantities and other nanomaterials as by-products is possible with inexpensive coal as the starting carbon source by the arc discharge technique [2, 3] . It has been found that a large amount of carbon nanotubes of good quality can be obtained in the cathode deposits in which carbon nanotubes are present in nest-like bundles. In the past decades, various alternate synthesis strategies and methods have been explored and developed in the hope of mass-producing cheap and high quality Single-walled carbon nanotubes (SWNT). Compared to other methods, the arc discharge is the simplest, cheapest and easy to implement and it has been used because of its potential merits to make a massive production. The mineral matter in raw coals may also play an important part in the formation process of carbon nanotubes. An approach of production of Singlewalled carbon nanotubes (SWNT) had been adopted in 2004 [4] where the coal is crushed and sieved with 150 µm mesh and mixed with coal tar and molded to form coal rods used for anode with a graphite cathode for the arc discharge process. Similar approach had been made by the same researchers for the production of Doublewalled carbon nanotubes (DWNTs) which were synthesized from coal in large quantity by arc-discharge method in hydrogen-free atmosphere [5] , and was systematically examined using scanning electron microscopy, transmission electron microscopy, high-resolution transmission electron microscopy and Raman spectroscopy. In the case of coal-derived carbons, the breaking-up scheme involved in the arc-discharge process significantly differs from that of graphite because of the striking difference in their textures. Coal or coal-derived carbons feature macromolecular structures rather than the lattice structure of graphite. In their chemical structures there exist many weak binding linkages between carbon polymeric units such as polymerized aryl structures. In the fast paralyses process under arc plasma conditions, these weak linkages would be broken up rather easily to release a variety of reactive fragments of hydrocarbon molecules such as alkynes and aromatic species. However, the production of SWNTs has seen a typical use of an iron wire mesh utilised between the electrodes and the carbonaceous matter is found on the wire mesh.
A possibility of the production of carbon nanotubes from heavy hydrocarbon resources had been proposed in 2008 [6] . Before the use of heavy hydrocarbons, pure compound, toluene was used as the pure substrate to establish the reaction system for the production of carbon nanotubes. Toluene was fed by a mist-spray feeding system with a carrier gas as 9:1 mixture of nitrogen and hydrogen at 100 ml/min, and following the reaction at 750˚C catalysed by 9.8% (by weight) ferrocene, Carbon nanotubes were found in the carbonaceous product deposited on inner wall of a quartz tube and at the exit of the tube. The product was observed by scanning electron microscopy and analyzed by temperature-programmed oxidation experiments to identify the presence of carbon nanotubes. Based on the reaction system and reaction conditions with toluene, the production of nanotubes was examined by using heavy hydrocarbons such as asphalttene and maltene fractions from natural asphalt. Under selected reaction conditions including the reaction temperature and the amount of the catalyst, carbon nanotubes with a diameter of 30 -60 nm were found.
Optimisation of Voltage and Current Used in the Carbon Nanotube Production
It is known that Voltage and Current constitute the Power requirements for an electrically operated machine. Same in the case of the production of CNT from the arc discharge method, the electrical power signifies the characteristics of the arc that is generated between the two electrodes, in this case, one coal-based and the other, graphite. For the optimisation process, the total cost of the input materials must be lesser than that of the output product. It is seen from the past experimental research works [2, 3, [7] [8] [9] , the work has been done on Bituminous and An-thracite coal samples. From the domestic coal, cost fixed by Coal India Ltd. the coal costs are as stated in Table 1 .
For Anthracite and Bituminous coal, we choose Grade B and F respectively [10] . Therefore, the cost would be Rs.3590 per tonne and Rs.1130 per tonne respectively, if we take the maximum cost of the above grades from different companies, from the Table 1 .
The coal-based electrode specifications for the arc discharge process are found from the experimental works in the past. With the aim of the maximum cost involved in the production of the coal-based electrode, the electrode with maximum volume is selected, as it is the electrode that involves the maximum amount of coal and thus the cost. Out of the several independent researches the specification of diameter 10 mm and length 200 mm is chosen as it gives the maximum volume as compared to the other electrodes in the other researches. The cost of power is to be calculated next. In a typical experiment [9] , the current was taken to be 100 A and the voltage was taken to be 36 V.
Therefore, Power = V × I = 30 × 100 = 3000 W = 3 KW The rate of anode feed in the experiment is taken to be 10mm for 2 hrs. The length of the electrode in the experiment is 75 mm. So, the total experiment time equals 15 hrs. For that time the 45 units of electricity is consumed (1 KWhr = 1unit of consumed electricity).
As per the regulations of Calcutta Electricity Supply Corporation (CESC), the rate is Rs.2.7/unit for the first 25 units consumed, then at the rate of Rs.3.3/unit for the next 35 units.
Therefore, Total cost = 25 2.7 20 3.3     Rs.133.5 So, the total input cost for the production of CNT is Rs.133.5 (neglecting the cost of coal as too small as compared to the power consumption cost) Now, the cost of the Carbon Nanotubes as per standards are stated in Table 2 .
The amount of CNT produced in experiment is about 20mg [9] . The cost above is given in $, so we consider 1$ = Rs 50 and the package unit is in grams.
Thus, the total cost comes to be 20 83 50 1000    Rs 83. Therefore, it can be understood that as the input cost is greater than the output cost, optimisation is essential in this case. Solving by graphical method, we get the following plotted and shown in Figure 1 .
Optimising the Power
We plot the graph by taking equalities for the above constraints, 2 3 3.31 x x   The arrows shown on the particular line denoted the lesser-than-equal-to and greater-than-equal-to zone for the particular constraint line. The area enclosed by the three constraint lines gives the range of feasibility of the variables.
Therefore, we can conclude that, the enclosed region
